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204a Monday, February 4, 2013experiments, a total of 199 junctional SR and 191 free SR proteins were iden-
tified from 16,344 MSMS spectra with protein false discovery rate (FDR) at
0.8% and peptide FDR at 0.0%. SERCA2a was the most abundant protein in
both fractions, as expected, and virtually all of the known cardiac SR proteins
were also identified. In jSR, the major 4 components of the Ca2þ-release com-
plex were found exclusively, including calsequestrin-2, ryanodine receptor 2
and 3, triadin, and junctin. Another 57 proteins were also identified as specific
to this subcompartment. In fSR, 53 proteins were exclusively identified. Rela-
tive enrichments in one of the SR subcompartments were found for an addi-
tional 86 proteins, and 52 additional proteins were identified in the cardiac
SR, without obvious subcompartment origin. SR proteins that showed less
specificity were mitochondrial proteins (more enriched in the lower-density
jSR), ER chaperones (roughly evenly distributed), lipid-metabolizing enzymes,
and filamentous proteins. Proteomic analyses of classical cardiac SR subfrac-
tions extends our understanding of the cardiac secretory compartments, and
serves as foundation for future exploration and understanding of cardiac cell
biology.
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In adult muscle fibers, Cav1.1 acts as voltage sensor for both excitation-
contraction coupling and the activation of a signaling cascade that regulates
gene expression. We have shown that ATP is released trough pannexin-1
channels after electrical stimulation at 20 Hz, having a key role in the induction
of transcriptional changes related to fast-to-slow muscle fiber phenotype
transition. Myotubes lacking the Cav1.1-a1 subunit displayed almost no ATP
release after electrical stimulation. The same was observed in adult fibers
treated with the Cav1.1 antagonist nifedipine (25mM), showing that Cav1.1
has a central role controlling ATP release.
We examined the activation of this signaling cascade in muscle fibers where
a knock-down of the a1s subunit of Cav1.1 was obtained by a U7-exon skip-
ping strategy using adenovirus-associated viral vectors (AAV-U7dela1s).
Four months after AAV-U7dela1s injection we observed a significant reduc-
tion of Cav1.1 protein as well as atrophy and fibrosis of the treated muscles.
Indo-1 Ca2þ transients and Ca2þ current in voltage-clamped fibers isolated
from FDB treated muscles showed that the peak Ca2þ transient elicited by short
depolarizing pulses was reduced by 35% whereas the maximal conductance of
the Ca2þ channels was reduced by 30%. We also found increased basal ATP
release with spontaneous release events. AAV-U7dela1s treated fibers showed
higher mRNA levels of the slow isoform of Troponin I and lower mRNA levels
of the fast isoform of Troponin I compared with non-treated muscles. The tran-
scriptional changes observed in these two genes after electrical stimulation
were absent in AAV-U7dela1s treated fibers.
These results suggest that Cav1.1 controls ATP release trough Pannexin-1
channels, activating it after low stimulation frequencies and blocking ATP re-
lease during resting. The loss of this control perturbs the normal transcriptional
response to electrical activity of adult muscle fibers.
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Tethering a single molecule of T4 lysoyzme to a carbon nanotube field
effect transistor resulted in a novel technique for monitoring single-molecule
enzymatic activity. Continuous electronic monitoring readily resolved lyso-
zyme as a processive enzyme, since substrate release was clearly distinguished
from serial hydrolysis of glycosidic bonds. On average, we observed hydrolysis
of 100 consecutive bonds at 15 Hz rates when lysozyme processed natural pep-
tidoglycan. Furthermore, long duration measurements allowed statistically-
meaningful analysis of thousands of chemical events by the same molecule,
uncovering seven independent timescales governing lysozyme’s activity,
including minute-by-minute dynamic disorder. Stability of the lysozyme-
transistor method allowed these timescales to be studied as a function of envi-
ronmental conditions such as substrate, pH, or temperature, in order to producea detailed map of factors that affect single molecule processivity. For example,
variations in pH do not change any of the rate constants of lysozyme’s motions,
but rather decrease enzyme activity by increasing the proportion of time stuck
in an inactive, closed conformation. As another example, we found that
peptidoglycan cross-links are directly responsible for a 50% drop in effective
activity. Using a synthetic, linear substrate without cross-links, we observed
long, uninterrupted processing runs to the end of individual substrate mole-
cules. By comparison, lysozyme spends approximately half its time traversing
the cross-links present in wild-type substrate. Rather than releasing substrate at
a cross-link, however, lysozyme instead changes to an alternate, non-processive
motion with which it can sidestep the cross-link. The combination of processive
and non-processive motions allow lysozyme to remain effective and zigzag
through wild-type substrate.
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cAMP-dependent Protein Kinase (PKA) is a protein that plays a critical role in
cell signaling by means of protein phosphorylation. In this work, the kinetics of
PKA activity were monitored with the aid of a single-walled carbon nanotube
transistor. Molecule-by-molecule processivity was directly recorded using an
individual PKA catalytic subunit attached to this sensitive transducer. The
binding of adenosine triphosphate (ATP) and/or kemptide, a peptide substrate,
both drove conformational changes that could be electrically monitored with
sub-millisecond resolution over durations of 10 minutes or more. In environ-
ments containing either binding partner, binding and dissociation rates and
rate variability were determined from many thousands of individual events.
For ATP, the on-rate varies over a range of 20-1000 Hz due to dynamic
disorder of the apoenzyme. In fact, single molecule monitoring allowed us to
directly record periods of fast and slow binding. In the presence of both
ATP and kemptide, more complicated signals resulted from PKA alternating
between its apo, binary, and catalytically-active ternary complex. This three-
state system was extensively monitored to determine its transition probability
matrix and rates. Within our resolution of 0.1ms, the apoenzyme preferentially
forms the ternary-complex, with only 27% of binding events pausing at the in-
termediate, binary complex. Our single molecule measurements observed
a varying catalytic turnover rate of 5-100 Hz over 10 sec intervals with
a time averaged rate of 30 Hz, consistent with the 20 Hz rate from ensemble
measurements.
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DNA reparation enzymes are essential to preserve genome integrity. The un-
derstanding of the dynamics of the regulation pathways of their activity is
thus crucial. Pyrococcus abyssi NucS is a recently discovered archaeal endonu-
clease acting on branched DNA. The biochemical characterization of PabNucS
has shown that this protein binds ssDNA at nanomolar concentrations and has
a rare bidirectional activity both on 5’ and 3’ free ssDNA extremities. Although
ensemble measurements indicate that free ssDNA extremity is necessary for
NucS activity, the detailed mechanisms that regulate NucS activity remain un-
clear. In particular, it remains unknown whether NucS loads at the extremity of
the flap and then diffuses to the junction, or whether protein directly binds to the
ss/dsDNA junction.
To probe the dynamics of PabNucS ssDNA interactions, we use single-
molecule tracking of fluorescently-labeled PabNucS acting on a DNA substrate
tethered to the surface. We report a bidirectional and oriented binding on 3’ and
5’ flaps at the single molecule level. We measured binding/unbinding kinetics
with unprecedent accuracy and revealed that NucS/DNA flap unbinding fol-
lows a diffusion independent multistep mechanism that depends on the
NucS/ssDNA energy landscape.
Consistently with the structural information of the high affinity ssDNA binding
site that displays a hydrophobic core surrounded by charged residues, we pro-
pose a two-step unbinding model that allows a stochastic unbinding of the flap
and characterize two forces contributing to the interaction: (i) an electrostatic
force that controls binding and (ii) a non electrostatic (hydrophobic) force
that is dominant at high salt concentration and maintains NucS-DNA complex
stability.
